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(54) COMPOUNDS CAPABLE OF CLEAVING DOUBLE-STRANDED DNA AND METHOD OF 
UTILIZATION OF THE SAME 

(57) Novel chemical species capable of simultane- 
ously alkylating double-stranded DNA and cleaving the 
same; methods for alkylating and cleaving DNA by 
using these species; and anticancer agents with the use 
of these compounds. Compounds represented by the 
following general formula (I) which are capable of simul- 
taneously alkylating double-stranded DNA and cleaving 
the same; a method for alkylating DNA and a method for 
cleaving double stranded DNA by using these com- 
pounds; and medicinal compositions with the use of 
these compounds: B-L-A (I) wherein B represents a 
chemical structure capable of recognizing the base 
sequence of DNA, for example, optionally substituted 
pyrrole-imidazole polyamide; A represents a chemical 
structure capable of binding to one base of DNA, for 
example, the alkylation moiety of duocarmycin A; and L 
represents a linker capable of binding the chemical 
structures A and B, for example, vinyl. 
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Description 

Technical Field 

5 [0001] The present invention relates to a compound, which can be produced by chemical synthesis and can simul- 
taneously alkylating and cleaving a double-strand DNA, a method for alkylating DNA using compound ther of, a 
method for cleaving double-strand DNA, and a pharmaceutical composition using compound thereof. 

Background Art 

10 

[0002] Base sequence of total gene, our human "blue print of life" is under elucidation by the human genome 
project within few years. The feet that the disease or the aging will occur, if this blue print is damaged or acquires the 
damage, is well known. As a result of progress in the human genome project, many diseases including cancer can be 
understood in the DNA level and the total medical science including diagnosis and prophylaxis may be changed revo- 

15 lutionarily. Further, a therapeutic method based on understanding in the DNA level of these diseases, namely develop- 
ment of pharmaceutical products targeting causal gene of disease and its product is highly expected, however 
mediatory studies for applying the fundamental studies to the clinical studies have only been just started. Anticancer 
agents used at present are antibiotics mainly selected by screening, and are originally not produced by microorganisms 
for the purpose of their cytotoxic action for cancer cells, and among them, almost no substances based on molecular 

20 biological knowledge of cancer are known. If expression of the intracellular specific gene can be freely controlled extra- 
cellularly, ultimate therapeutic method in the gene level can be achieved. 

[0003] Recently, we have found that antibiotic duocarmycin constructed heterodimer with a molecule of the other 
species such as distamycin to achieve cooperatively molecular recognition of DNA, and effective alkylation of base 
sequence can be achieved as compared with the case of duocarmycin alone (Proc. Natl. Acad. Sci. USA 93, 14405, 

25 1996). Based on the result of the discovery, pyrrole-imidazole polyamide is bound with the alkylation site of duocarmy- 
cin as a DNA recognition site and we have successfully synthesized the molecule which can selectively alkylating DNA 
at any base sequences (Japanese Patent Application No. Hei 10-260710). However, the compounds only binding with 
pyrrole-imidazole polyamide as the DNA recognition site in the alkylating moiety of duocarmycin can not only have 
insufficient alkylation activity but also alkylate only one strand base sequence. 

30 [0004] We have examined alkylation reaction with these molecules and DNA using computer modeling such as 
molecular dynamics of these compounds in detail, and found that as a result of the insertion of the linker such as vinyl 
group into the location of the cyclopropane moiety (segment A), which was a reactive site of duocarmycin, an improved 
alkylation efficacy of DNA could be expected. 

35 Disclosure of Invention 

[0005] The present invention provides alkylating agent with improved efficiency of DNA alkylation. Further, we have 
found in the present study that the alkylating agent of the present invention showed dimer-like behavior as well as simul- 
taneously alkylating and cleaving the double-strand DNA, and had an action as the artificial restriction enzyme for the 
40 specific base sequence. 

[0006] Consequently, the present invention provides novel chemical species, which can simultaneously alkylating 
and cleaving the double-strand DNA. Further, the present invention provides a method for alkylating and cleaving DNA 
using chemical species thereof. 

[0007] The present invention further provides anticancer agent using compound thereof. 

45 

Prjef Description of Drawing 
[0008] 

so Fig. 1 is a drawing replaced by photograph showing result of a reaction with lmPyl_Du86 of the present invention 
and DNA. 

Fig. 2 shows base sequence of DNA and a chemical structure of lmPyLDu86 used in the experiment. 
Fig. 3 is a schematic representation of cleavage site of DNA by a compound of the present invention. 

55 Best Mode for Carrying Out the Invention 

[0009] The present invention relates to a compound, which can simultaneously cleave double-strand of DNA, rep- 
resented by the general formula (I) 
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CH3 O 

CH3 O 

40 or a compound represented by the formula (hereinafter designates as "ImPyLDuSe" ): 

H 
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ment L is bound with the above segment A or B, and the remaining segment is subsequently bound thereto. 

[0019] Examples of production of the above lmPyLDu86 (7a) and PyPyLDu86 (7b) are shown in the following 

chemical reaction scheme. Numbers below each compound in the reaction scheme indicate compound No. 
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2a: JW* 
2b:X-CH 



3«:X=N 
3b: X-CH 



4kX-N °* Sb:XbCH 



4b:X=CH 



CH5 



6b:X*CH 




CHs7b:X^CR 
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[0020] Each reaction indicates as follows: a) a treatment with benzotriazole-1-yloxytris (dimethylamino) phospho- 
nium hexafluorophosphate (BOP) and NaBH 4 in THF; b) a treatment with Mn0 2 in THF; c) a treatment with triethyl 
phosphonoacetate and NaH in THF; d) a treatment with sodium hydroxide in water-methanol; e) a treatment with 1,1- 
carbonyldiimidazole in DMF; and f) a treatment with segment A of DU86 using NaH in DMF. 

[0021] Reactivities of the thus synthesized PyPyLDu86 and lmPyl_Du86 with DNA were investigated. Result of 
alkylation using lmPyl_Du86 is shown in Fig. 1. DNA used in this experiment and a structure of lmPyLDu86 used are 
shown in Fig. 2. 

[0022] The left electrophoresis pattern is a result of the upper strand of the double-strand DNA, and the right elec- 
trophoresis pattern is a result of the lower strand of the double-strand DNA. Alkylating site can be observed by thermally 
induced strand cleavage. As a result, the double-strand DNA is mainly cleaved at the site 1 and the site 2 of the two 
strands from the lower concentration, and simultaneous alkylation on the two strands can be confirmed. No compounds 
have been known to occur such the cleavage, and in this sense, the compound of the present invention can be said as 
an artificial restriction enzyme. The efficiency of cleavage was found to approach high ratio of 70% calculated by an 
amount of used lmPyLDu86, and is unusually high efficiency as compared with that of the previously synthesized mol- 
ecule (refer to Japanese Patent Application No. Hei 10-260710). 

[0023] A reason for occurring simultaneous alkylation on the two strands may be, as shown in Fig. 3, that a dimer- 
ization of lmPyLDu86 recognizes GC base pair by constructing preferable stacking of the linker moiety and imidozole, 
and specifically binds with recognition sequence on the double-strand DNA. As the results, it was demonstrated that the 
linker, which was proposed and inserted by the molecular design, could increase the reactivity of the compound and 
could be applied as a recognition unit by pairing with imidazole. Based on these knowledge, we can say that we have 
taken a step toward the molecular design of the new type of drugs for gene therapy targeting on the specific sequence 
of DNA. 

[0024] Cytotoxic activity of the compound of the present invention based on the properties described hereinbefore 
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ZdrZSn c SSE? T" e f ° f PyPyL ? u86 and ""PyLDu86 of the present invention and Known anticancer agent 
5 th™* h f ,f < u,erocerv,cal squamous cell carcinoma cells) were tested. Results are shown in Tab"e 
w'itSduTca^ ^P 0 ""^ ° f the P^ent invention have approximately 3 - 7-fo.d activities as comparS 

E? 51 ^ ° f tHe t"* 5 ™ 1 inVenti ° n iS USeful for antic a^er agent and can be prepared as a pharmaceu- 

S^JTS „ Wlth add,t '° n ° f P harmaceutica »y a -eptab.e carrier. The compound of the present invenWcTbe 
adm,n,stered orally or parenteral^ depending on symptoms. Effective dose of the pharmaceutical compos tion^f the 

%Z%7T7oZ^J^ a H th ° U9h ^T 111 " 9 ° n COndfti ° nS and Sympt ° mS ° f generally" S T. 

Examples 

[0026] Following examples illustrate the present invention more concretely, but the present invention is not con 
strued as limiting within these examples. invention is not con- 

[0027] Abbreviations of reagents used in the following examples are as follows. 

DIEA: N,N-diisopropylethylamine, 
DMF: N,N-dimethylformamide, 
THF: tetrahydrofuran and 

BOP: benzotriazole-1-yloxytris (dimethylamino)-phosphonium hexafluorophosphate. 

IS «n thefbll0wing exam P'es. reactions were monitored by thin-layer chromatography (TLC) using 025 mm sil- 
002 9 9 MMP r ith flU ° reSCent (Merck) " TLC P ,ates were visualized by Si ST 

Twl re^lnTm ' ^^'^ WaS " S6d 35 - chemical shifts ofV-NMR spec- 

mfi°l f ' , (Electron ™ pact) mass s P ectra werc recorded on a JNM-AX 505, and ESIMS (Electmspray ionization 
rH^Z SS T S °" 3 PE SCIEX API 165 EX Taq DNA PC^erase and filter tube (Suprec-O^ ^T- 

r S ^ U2 ° c CO - therm ° S6qUenaSe COre Seauendr ' a kit and ""ding dye (dimethy formamide w^LhTn 
red, from Amersham Co 5'-end Texas Red-modified DNA oligomer (1 8mer) from Kurabo Co.. and 50% Lon^, RanoTr 

B,0Pr0dUCtS - gel electrophoresis was performed on a HITACHI 55oS-S Sna 

Example 1: Production of compound 2a (X = N) 

[0 °^ ] ,. NaBh4 98 mg (2 59 mmol) was addecl 10 a so,ution of 204.8 mg (0.67 mmol) of comoound 1a BOP ^?fi 
mg (0 74 mmol) and DIEA 170 pi in THF 30 ml. The reaction mixture was stirred for 3 I^SJlSSJS 

SET/"? h "f d m VaCU ° t0 ^ 3 reSidUe ' ,0 WhiCh CH 3° H 20 ml and wa '^ 5 ml were add^d S was 
ounS h ' h° ta / n 8 SO,Uti ° n - ^ SOlVentS W6re rem ° Ved in W and the resultant yellow reSe was 
punfied by flash chromatography using CH 3 OH and CH 2 CI 2 to obtain the objective compound 2a 92.6 mg. yieW 47.J% 

1 H NMR (DMSO-d 6 ) S 

, ,J 0 ' 24 (S ' 1H) ' 9 - 62 (S ' 1H) ' 7 - 38 < S ' 1H >" 710 < d - J=2.0HZ, 1H). 6.09 (d. J=2.0Hz. 1H) 4 86 ft J=5 5Hz 1M 
4.34 (d, J=5.5Hz. 2H). 3.93 (s, 3H). 3.54 (s. 3H), 2.01 (s, 3H). ( ' H) ' 

Example 2: Production of compound 2b (X = CH) 

[0032] Compound 2b was obtained in yield 68.5% in a similar manner as the compound 2a. 
1 H NMR (DMSO-d 6 ) 8 

9.76 (s. 1H). 9.64 (s. 1H), 7.10 (d. J=2.0Hz. 1H), 7.05 (d. J=2.0Hz, 1H) 6 78 (d J=2 0Hz 1M fi m m 
J=2.0Hz. 1H). 4.82 (t. J=5.5Hz. 1H), 4.34 (d. J=5.5Hz. 2H). 3.80 (s. 3H). 3.53 (s! 3H) 1.96 (s 3h" ( ' 

Example 3: Production of compound 3a (X = N) 

[0 ,° 33 L ... A miXtUr ° ° f 85 mg (0 " 29 mmol) of com P° ur "J 2a and activated Mn0 2 (85%) 550 mg was added in THF ™ 
ml and the mixture was stirred at room temperature for 1 .5 hour and filtered. The residue obtained b^mo^of so. 
vent ,n vacuo was analyzed by 1 H NMR to confirm that the residue had sufficient purity for use in the nexTreSon step 
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r 



10 



without further purification. 
1 HNMR(DMSO-d 6 )5 • 

10.21 (s, 1H), 10.18 (s, 1H), 9.50 (s, 1H), 7.63 (s, 1H), 7.43 (s, 1H), 7.10 (d, J=2.0Hz, 1H), 3.94 (s, 3H), 2.84 
(s, 3H), 2.02 (s, 3H). 

Example 4: Production of compound 3b (X = CH) 

[0034] Compound 3b was obtained in yield 68.5% in a similar manner as the compound 3a. 
1 HNMR(DMSO-d 6 )5 

9.99 (s, 1H), 9.80 (s, 1H), 9.49 (s, 1H), 7.57 (s, 1H), 7.14 (d, J=1.0Hz, 1H), 6.98 (d, J=1.0Hz, 1H), 6.88 (d, 
J=2.0Hz, 1H), 3.87 (s, 3H), 3.82 (s, 3H), 1.97 (s, 3H). 

is Example 5: Production of compound 4a (X = N) 

[0035]_ NaH (60%) 23.1 mg (0.58 mmol) was dissolved in THF 6 ml, and triethyl phosphonoacetate 116 ml was 
added thereto under ice cooling. The reaction mixture was stirred for 5 minutes, and a solution of compound 3a dis- 
solved in THF 25 ml was added thereto. The resulting mixture was stirred for overnight THF was distilled off in vacuo. 
20 The obtained residue was subjected to flash chromatography using ethyl acetate. Compound 4a was obtained as yel- 
low solid 88.5 mg in yield 84% (yield of two steps based on 2a). 

1 H NMR (DMSO-d 6 ) 6 

10.25 (s, 1H), 9.87 (s, 1H), 7.51 (d, J=15.9Hz, 1H), 7.44 (d, J=1.8Hz, 1H), 7.42 (s, 1H), 6.84 (d, J=1.8Hz, 
25 1H), 6.11 (d, J=15.9Hz, 1H), 4.16 (q, J=7.0Hz, 2H) t 4.13 (s, 3H), 3.70 (s, 3H), 2.02 (s, 3H), 1.24 (t, J=7.0Hz, 3H). 

Example 6: Production of compound 4b (X = CH) 

[0036] Compound 4b was obtained in yield 55% in a similar manner as the compound 4a. 

30 

1 H NMR (DMSO-d 6 )5 

9.87 (s f 1H), 9.78 (s, 1H), 7.51 (d, J=15.5Hz, 1H), 7.39 (d, J=2.0Hz, 1H), 7.13 (d, J=2.0Hz, 1H), 6.85 (d, 
J=2.0Hz, 1H), 6.73 (d, J=2.0Hz, 1H), 6.07 (d. J=15.5Hz, 1H), 4.16 (q, J=7.0Hz, 2H), 3.82 (s, 3H), 3.68 (s, 3H), 1.97 
(s, 3H), 1.23 (t, J=7.0Hz, 3H). 

35 

Example 7: Production of compound 5a (X = N) 

[0037] 2N dil. NaOH 1 .5 ml and water 3 ml were added to a solution of 70 mg (0.2 mmol) of compound 4a in CH 3 OH 
5 ml. The mixture was stirred at room temperature for 4.5 hours. 
40 [0038] After removal of solvent by vacuum distillation, water 20 ml was added to the residue. The resulting solution 
was filtered, and the filtrate was acidified with 2N HCI to pH2 - 3. The thus obtained gel-like precipitate was collected by 
filtration and dried to obtain 43 mg of compound 5a in yield 67%. 

1 H NMR (DMSO-d 6 )5 

45 10.24 (s, 1H), 9.84 (s, 1H), 7.43 (d, J=15.0Hz, 1H), 7.41 (s, 1H), 7.40 (s, 1H), 6.78 (s, 1H), 6.03 (d, J=15.0Hz, 

1H), 3.94 (s, 3H), 3.67 (s, 3H), 3.86 (s, 3H); 
ESIMS m/e 



50 



As C 15 H 16 N 5 0 4 ; 


Calculated value (M-H) 


330.3 




Observed value 


330.2 



55 Example 8: Production of compound 5b (X = CH) 

[0039] Compound 5b was obtained in yield 57% in a similar manner as the compound 5a. 



6 



EP 1 083 177 A1 



1 H NMR (DMSO-d 6 ) 5 

9.83 (s, 1H), 9.78 (s, 1H), 7.38 (d, J=16.0Hz, 1H), 7.34 (s, 1H), 7.13 (d. J=2.0Hz, 1H), 6.84 (d J=2 0Hz W) 
6.64 (s, 1H), 5.99 (d, J=1 6.0Hz, 1H), 3.82 (s, 3H), 3.65 (s, 3H), 1.99 (s, 3H); ' 

ESIMS m/e 



10 


As C 16 H 17 N 4 0 4 ; 


Calculated value (M-H) 


329.3 






Observed value 


329.4 



Example 9: Production of compound 6a (X = N) 



15 [0040] 1,r-carboxyldiimidazole 49.9 mg (0.31 mmol) was added to a solution of 26.4 mg (0.08 mmol) of compound 
5a in DMF 2ml. The reaction mixture was stirred overnight at room temperature, and water 20 ml was added. The mix- 
ture was filtered to obtain 20.5 mg of compound 6a as yellow precipitate in yield 68%. 

1 H NMR (DMSO-d 6 ) 5 

20 10 - 23 < s « 1H >> 10 - 04 (* 1H). 8-67 (s, 1H), 7.90 (d, J=1.0Hz, 1H), 7.88 (d, J=15.5Hz, 1H), 7.50 (d, J=2 0Hz 

1H), 7.44 (s, 1H), 7.32 (d, J=2.0Hz, 1H), 7.16 (d, J=15.5Hz, 1H), 7.10 (s, 1H), 3.96 (s, 3H), 3.79 (s, 3H), 2.03 (s] 
3H); 

ESIMS m/e 



25 



30 



35 



40 



As C 18 H 18 N0 3 ; 


Calculated value (M-H) 


380.4 




Observed value 


380.4 



Example 10: Production of compound 6b (X = CH) 

[0041] Compound 6b was obtained in yield 80% in a similar manner as the compound 6a. 
1 H NMR (DMSO-d 6 ) 8 

10.1 (s, 1H), 9.82 (s, 1H), 8.68 (s, 1H), 7.91. (t, J=2.0 and 2.0Hz, 1H), 7.87 (d, J=15.0Hz 1H) 7 48 (d 
J=2.0Hz, 1H), 722 (d, J=2.0Hz, 1H), 7.16 (d, J=1.5Hz, 1H), 7.14 (d, J=15.0Hz, 1H), 7.10 (s, 1H), 6.89 (d J=1 5Hz 
1 H), 3.84 (s, 3H), 3.78 (s, 3H), 1 .97 (s, 3H); ' V * ' 

ESIMS m/e 



50 



55 





As C 19 H 19 N 6 0 3 ; 


Calculated value (M-H) 


379.4 


45 




Observed value 


379.4 



Example 11: Production of compound 7a (X = N) 

[0042] A solution of 6.1 mg (0.024 mmol) of segment A of DU86 dissolved in DMF 0.3 ml was added to a solution 
of sodium hydnde (60%) 3.2 mg (0.08 mmol) dissolved in DMF 0.3 ml at -50°C. The mixture was stirred at -50 to -40»C 
for 3 hours. After a solution of 10.8 mg (0.028 mmol) of compound 6a dissolved in DMF 1 ml was added at -50°C the 
reaction mixture was further stirred at -40°C for 5 hours, and allowed to stand at -30°C in a refrigerator for 2 days Then 
sodium phosphate buffer (0.01 M) 3 ml was added, and the mixture was stirred at room temperature for 5 minutes The 
yellow residue obtained by distilled off the solvent in vacuo was purified by flash chromatography using CH,OH and 
CHCI 3 to obtain 1 2.3 mg of compound 7a in yield 91 %. 

1 H NMR (DMSO-d 6 ) 8 

12.36 (s, 1H), 10.24 (s, 1H), 9.97 (s, 1H), 7.58 (d, J=15.0Hz, 1H), 7.43 (s, 1H), 7.41 (d. J=2.0H2 1H), 6.99 
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(d, J=2.0Hz, 1H), 6.85 (s, 1H), 6.58 (d, J=15.0Hz, 1H), 4.29 (d, J=10.5Hz, 1H), 4.19 (dd, J=5.0Hz and 4.5Hz, 1H), 
3.95 (s, 3H), 3.73 (s, 3H), 3.72 (s, 3H), 3.46 (m, 1H), 2.47 (s, 3H), 2.08 (m, 1H), 2.02 (s, 3H), 1.29 (t, J=4.5 and 
3.5Hz, 1H); 
ESIMS m/e 





As C29H28N 7 0 6 ; 


Calculated value (M-H) 


570.6 


10 




Observed value 


570.4 



Example 12: Production of compound 7b (X = CH) 



[0043] Compound 7b was obtained in yield 77% in a similar manner as the compound 7a. 

15 

1 HNMR(DMSO-d 6 )S 

- . . - 12.36 (s,1H), 9.90 (s, 1H) t 9.80 (s, 1_H), 7.57 (d. J=15.0Hz, 1H), 7.38 (d, 1.5Hz, 1H), 7.14 (d, J=2.0Hz, 1H), 
6.88 (d, 1.5Hz, 1H), 6.86 (d, J=2.0Hz, 1H), 6.84 (s, 1H), 6.56 (d, J=1 5.0Hz, 1H), 4.29 (d, J=10.5Hz, 1H), 4.19 (dd, 
J=4.0 and 4.5Hz, 1H), 3.83 (s, 3H), 3.73 (s, 1H), 3.71 (s, 1H), 3.46 (m, 1H), 2.47 (s, 3H). 2.09 (m, 1H), 1.97 (s, 3H), 
20 1 .29 (t, J=4.5 and 3.5Hz, 1 H); 

ESIMS m/e 



25 


As C 30 H 2 9N 6 O 6 ; 


Calculated value (M-H) 


569.6 






Observed value 


569.5 



Example 13: Alkylation of 450 bp DNA fragments 

30 

(1) Preparation of 5-texas red-end-modified 450 bp DNA fragment 



[0044] The 5'-end texas red-modified 450 bp DNA fragments pUC18 F780M229 and pUC18 R1459M908 (these 
are complementary) were prepared by the PCR method using 5'-end texas red-modified 18mers as primers and puri- 
35 fied by filtration using Suprec-02. The concentration was determined by ethidium bromide staining. The asterisk (*) indi- 
cates texas red modification site, and numerals indicates nucleotide numbering from the replication origin. 

(2) High-resolution gel electrophoresis 

40 [0045] A standard reaction mixture containing 5'-end texas red-labeled DNA fragment 60 nM, DMF 5% (v/v) and 
various concentrations of drugs in total 10 uJ of sodium phosphate buffer (pH 7.0) 12.5 mM was added into microcen- 
trifugal tube (Eppendorf tube) and allowed to stand at room temperature for overnight Calf thymus DNA (5 mM, 1 uJ) 
was added thereto and heated at 90°C for 5 minutes. DNA was collected by ethanol precipitation. The thus obtained 
DNA was dissolved in loading dye (DMF solution of fushin red) 8 uJ. The sample solution was heated at 94°C for 20 

45 minutes for denaturation of DNA, and immediately cooled to 0°C. A 2 uJ of aliquot was electrophoresed on polyacryla- 
mide gel using 6% Long Ranger (trademark) gel solution using 5500-S DNA sequencer system. 

Example 14: Growth inhibitory test on Hel_aS 3 cells 

so [0046] Suspension 0.75 ml of HeLaS 3 cells, 2.67 x 1 0 4 cells/ml, in MEM medium containing 10% fetal bovine serum 
and 2 mM glutamine, was dispensed into each well in 24 cell culture plate. After incubation in the C0 2 -incubator at 37°C 
for overnight, 025 ml portions of each test compound shown in Table 1 , which was appropriately diluted with medium, 
was added into each well. 

[0047] After cells were incubated for 72 hours in the C0 2 -incubator t the culture supernatant was removed, and cells 
55 were dispersed using trypsin-ethylenediaminetetraacetic acid (EDTA) and collected. Cell counts were counted by cell 
counter, and cell counts without treatment and cell counts treated with known concentration of test compound were 
compared to calculate the concentration of test compound which inhibits 50% of cell growth (IC 50 ). Results are shown 
in the following table. 
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Test Compound 


IC 50 (nM) 


PyPyLDu86 


1.5 


lmPyLDu86 


0.7 


Duocarmycin 


4.7 



10 



Industrial Applicebility 



[0048] The present invention provides chemically synthesized compound, which can simultaneously alkylating or 
cleaving double-strand DNA. The compound is not only useful for artificial restriction enzyme but also useful for qene 
is therapy targeting the specific base sequence. y 



20 



25 



SEQUENCE LISTING 
<110> Japan Science And Technology Corporation 

<120> Compounds capable of cleaving double-stranded DNA and method of 
utilisation of the same 

<130> N80828 

<14G> 00907992.2 (PCT/JPOO/014 61) 
<141> 2000-3-10 



<150> 
<151> 



JP 11-83591 
1999-3-26 



30 



35 



40 



45 



50 



55 



<160> 2 

<210> 1 

<211> 450 

<212> DNA 

<213> pUC 

<400> 1 

agaatcaggg 

ccgtaaaaag 

caaaaatcga 

gtttccccct 

cctgtccgcc 

tctcagttcg 

gcccgaccgc 

cttatcgcca 

<210> 2 

<211> 450 

<212> DNA 

<213> pUC 

<400> 2 

tcttagtccc 

ggcatttttc 

gtttttagct 

caaaggggga 

ggacaggcgg 

agactcaagc 

cgggctggcg 

gaatagcggt 



18 

gataacgcag 
gccgcgttgc 
cgctcaagtc 
ggaagctccc 
tttctccctt 
gtgtaggtcg 
tgcgccttat 
ctggcagcag 



gaaagaacat 
tggcgttttt 
agaggtggcg 
tcgtgcgctc 
cgggaagcgt 
ttcgctccaa 
ccggtaacta 
ccactggtaa 



gtgagcaaaa 
ccataggctc 
aaacccgaca 
tcctgttccg 
ggcgctttct 
gctgggctgt 
tcgtcttgag 



ggccagcaaa 
cgcccccctg 
ggactataaa 
accctgccgc 
caatgctcac 
gtgcacgaac 
tccaacccgg 



aggccaggaa 
acgagcatca 
gataccaggc 
ttaccggata 
gctgtaggta 
cccccgttca 
taagacacga 



60 
120 
180 
240 
300 
360 
420 
450 
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ctattgcgtc 
cggcgcaacg 
gcgagttcag 
ccttcgaggg 
aaagagggaa 
cacatccagc 
acgcggaata 
gaccgtcgtc 



ctttcttgta 
accgcaaaaa 
tctccaccgc 
agcacgcgag 
gcccttagca 
aagcgaggtt 
ggccattgat 
ggtgaccatt 



cactcgtttt 
ggtatccgag 
tttgggctgt 
aggacaaggc 
ccgcgaaaga 
cgacccgaca 
agcagaactc 



ccggtcgttt 
gcggggggac 
cctgatattt 
tgggacggcg 
gttacgagtg 
cacgtgcttg 
aggttgggcc 



tccggtcctt 
tgctcgtagt 
ctatggtccg 
aatggcctat 
cgacatccat 
gggggcaagt 
attctgtgct 
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Claims 

5 1 . A compound which compound can simultaneously cleave double-strand of DNA, represented by the general for- 
mula (I) 

B-L-A (I) 

10 wherein B is a chemical structure which can recognize base sequence of DNA, A is a chemical structure which can 
bind with a base of DNA, and L is a linker which can link with a chemical structures of A and B. 

2. The compound according to claim 1 wherein the chemical structure which can recognize the base sequence of 
DNA, and the chemical structure is derived from opitionally substituted pyrrole and/or imidazole. 

15 

3. The compound according to claim 1 or 2 wherein the chemical structure which can bind with abase of DNA, and 
the.chemical structure has cyclopropane ring^ 

4. The compound according to any one of claims 1-3 wherein the linker which can link with chemical structures of A 
20 and B, and the linker is a chemical structure having vinyl group. 

5. The compound according to any one of claims 1-4 wherein the compound of the formula (I) is a compound repre- 
sented by the following formula. 

25 
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6. A method for alkylating the specific part of base sequence of the double-strand DNA comprising using the com- 
pound according to any one of claims 1-5. 



10 
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7. A method for cleaving the specific part of base sequence of the doX-strand DNA comprising using the com- 
pound according to any one of claims 1-5. y 

8 ' "rand ^reof" 9 * ***** 6 " ? ^ ^ Sequence ls TGACG or CGACG . °' complemen- 

9 - cT« the ^ according to any one of c,aims 1 - 5 - d a 



w 10. The pharmaceutical composition according to claim 9 wherein the composition is a remedy for 



cancer. 
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Fig. 1 
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Fig. 2 





3**- &G3&?Z2>f3GG <5fr.T?iftCgCAO gaaagaacat gtgagcaaaa. ggccagcaaa 

3'. TCTT»GTCCC CTACTGCGTC CTTTCTTGTA. CACTCGTTTT CCGGTCGTTT 

AGGCCAGGAA CCGTAAAAAG GCCGCSTTGC TCG COTTOTC CCATAGGCTC 
TCCGGTCCTT GGCATTTTTC CGGCGCAACG ACCGCAAAAA GGTAICCGajS 

Site 1 * Site 2 * 

cgccccccto AcdBusc&rca. caabast-cc* csctcrmttc ag&gctggcg 

GOGGGGGGftC SGCTCGTAGT GTTTTTAOCT GCG&GTTCAG TCTCC&CCGC 

t 

GG&CTATAAA GAEACCSGGC ( S T TTC CC CCT GG&AGCTCCC 
TTOGGGCTGT CCTGATAJOT CTATCGTCCG CAAAGGGGGA. C CTTC G &GGG 



TCCTGTTCCG ACCCTGCOSC TTACCGGATA. CCTCTCCGCC 
AGCACGCGAG AGG&CAAGGC DGGGaCGGCG AATGGCCTA3? GOACfrGGCGG 



TTTCTCCCTT CGGG&AGCGT GGCGCTTTCT raATQTTry GCTGTAGCTA 
AAAGAGGGAA GCCCTTASCA CCGCGAAAGA GTTACGAGTG CGACftTCCAS? 



TOTCACTTCG GTGT!AGC3TCG CTCGCTCCAA GCTGGGOTCT <3TGCACGAAC 
AGAJCTCAAGC CACATCCAGC AAGCGAGGTT CGACCCGACA CACGTGCTTG 



CCCCCCTTCA GCCCGACCGC TGCQCCTTAT CCGGTSACTA TCGTCTTG&G 
GGGGGCAAGT CGGGfCTGGCG ACGCGGAA!EA GGCCATTGA3? AGCAGAACTC 



TCCAACCCGG TAAGACACGA CCTATCGCG2L CTGGCAGCAfi CCACTGGTAA-3' 
AGGTTGGGCC ATTCTGTGCT G&A2aGCGGT GA.CCGTCGTC GGTGACCAOT~5'* 
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Fig. 3 



Site 1 



5'-C T G A C 6 A G-3 



3'-G A C T G C T C-5 



t 



Site 2 



5»-T C G A e G C T-3 




3'-AGCTGCG A-5 



t 
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